This study aimed to evaluate the protective role of statins on the development of sepsis and infection-related organ dysfunction and mortality in a hospitalized older Chinese population with bacterial infections. In this retrospective cohort study, 257 older patients with bacterial infection were divided into two groups: a statin group, those who had received statin therapy for ≥1 month before admission and continued receiving statin during hospitalization; and a non-statin group, those who had never received statin or used statin for <1 month prior to admission. A multivariate logistic regression analysis was performed to identify risk and protective factors for severe sepsis. A significantly lower incidence of organ dysfunction was found in the statin group, as compared with the non-statin group (13.3% vs 31.1%, respectively; p = 0.002), corresponding to adjusted rates ratio of 0.32 (95% confidence interval [CI], 0.13-0.75; p = 0.009). No significant difference was found between statin and non-statin groups in 30-day sepsis-related mortality (4.4% vs 10.2%, respectively; p = 0.109), incidence of intensive care unit admission (13.3% vs 16.8%, respectively; p = 0.469), or length of hospital stay (20.5 vs 25.9 days, respectively; p = 0.61). Statins significantly reduced the development of sepsis and infection-related organ dysfunction in hospitalized older Chinese patients but did not reduce 30-day mortality, ICU admission incidence, or length of hospital stay.
Introduction
Sepsis occurs in approximately 2% of general hospitalized populations in developed countries, including 6%-30% of all patients admitted to intensive care units (ICU). 1,2 About patients surviving. 1, 4 However, a 20-year study showed that sepsis is increasing at a rate of 8.7% per year, which is greater than the population growth rate. 5 The incidence of sepsis is also high in China; older patients with comorbidities who are admitted with bacterial infections have a higher risk. 6 Although the pathophysiology of sepsis has not been fully elucidated, general consensus indicates that sepsis arises from immunodysregulation and uncontrolled systemic inflammatory responses. 7 The inflammatory cascade is multilevel and involves the production of pro-inflammatory cytokines, adhesion molecules, and reactive oxygen species. 8 Given this pathophysiology, clinical trials have investigated adjuvant mediator therapy to identify drugs that block specific inflammatory mediators. [9] [10] [11] Towa rd that end, statins are well known as lipid-lowering agents and have also demonstrated anti-inflammatory and immunomodulatory properties. 12 Almog et al. 13 demonstrated that prior statin therapy might reduce rates of severe sepsis and ICU admissions. This findings have prompted researchers worldwide to study the pleiotrophic effects of statins on sepsis, with largely unconfirmed results. 12, [14] [15] [16] A recent meta-analysis of randomized controlled trials (RCTs) suggested that statins should not be recommended to manage severe sepsis in critically ill patients. 17 In addition, a recent systematic review reported that statins do not decrease the incidence of sepsis, progression to severe sepsis, or associated mortality rates. 18 Nevertheless, patients receiving statins prior to hospital admission due to infection, bacteremia, sepsis, and infectionrelated organ dysfunction continue to demonstrate reduced risks of sepsis progression/severity, rates of hospital-acquired bacteremia, and hospital mortality. 13, 16 Most previous studies were conducted in Western populations except for a retrospective study conducted by Yang et al. 19 who studied an Asian population in Taiwan, indicating that statins neither benefited Asian patients with sepsis nor improved short-term survival.
Although RCTs have examined the potential value of statins in sepsis through meta-analysis and systematic review, 17, 18 to our knowledge Asian patients or exclusively older patients with bacterial infections have not been studied, and conclusions have not shown a beneficial role of statins in bacterial infections. Therefore, the present study aimed to investigate the protective role of statins on the development of bacterial infections and infection-related organ dysfunction and mortality in older Chinese patients hospitalized due to bacterial infections.
Material and methods

Study design and patients
A retrospective cohort study enrolling older Chinese patients hospitalized due to bacterial infection was conducted between March 2011 and March 2012 in the Geriatric Medicine Department at First Affiliated Hospital, School of Medicine of Zhejiang University, Zhejiang Province, China. This study was approved by the Clinical Research Ethics Committee of First Affiliated Hospital. As patient data were de-identified and patients remained anonymous during the retrospective review, signed informed consent was waived.
For data collection purposes, only the first admission from a series of multiple admissions involving the same patients during the study period was included. For this study, inclusion criteria were: patients aged ≥65 years old with sepsis whose records included complete clinical and laboratory data.
Patients were divided into two groups based on those who had prior statin use and no statin use. The statin group were those who had used a statin for at least one month prior to the first hospital admission and continued statin treatment during hospitalization. Based on a prior study that indicated that the therapeutic effects of statins are demonstrated after one month of continuous use, the non-statin group was characterized by patients who either had never taken statins or had taken a statin for <1 month prior to admission. 13 Although other characteristics between the two groups were different, all patients received treatment for bacterial infection, and the study endpoint was development of sepsis. Patients in the statin group were treated with several different statin drugs and dosages including atorvastatin, 20 mg daily; simvastatin, 40 mg daily; fluvastatin, 40 mg daily; pravastatin, 20 mg daily; and rosuvastatin, 10 mg daily. Data from both groups were reviewed 30 days after admission.
Sepsis and severe sepsis with organ failure were defined by the most recent criteria from the Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3) written by Singer et al. 20 Patients were assessed using Acute Physiology and Chronic Health Evaluation II (APACHE II) criteria, and their APACHE II scores were determined upon admission. Sepsis management was based on SCCM practice parameters for the hemodynamic support of sepsis in adult patients.
Data were obtained from electronic medical records from time of admission and in the following 30 days, with the exception of those with nosocomial infections whose data were collected at the time their sepsis diagnosis was confirmed. Patient characteristics were collected from data on a single admission, including demographics, pre-existing medical conditions, concurrent medications, infection type and site, APACHE II scores, laboratory data, microbiological culture results, ICU admission, length of hospital stay, and sepsis-related mortality. Laboratory values (e.g., albumin, triglycerides, C-reactive protein [CRP] ) selected for analysis were a single measure in any 24-h period that most accurately represented patient status (i.e., highest or lowest value depending on specific test). The primary endpoints were the development of sepsis as indicated by the incidence of multiple organ dysfunction syndrome (ICD Code 995.92) and 30-day sepsis-related mortality. Secondary outcomes included incidence of ICU admission and length of hospital stay.
Statistical analysis
Continuous data are presented as median and interquartile range and were compared between groups using the Mann-Whitney U test. Categorical data are presented as number and percentage (%) and were assessed using 2 test or Fisher's exact test. Logistic regression analysis was conducted to screen for variables independently associated with severe sepsis (defined as sepsis with organ dysfunction). Age, gender, and variables with a p of <0.05 in univariate analysis were included in a model for the multivariate analysis. Associations between the dependent outcome variables (multiple organ dysfunction, ICU admission incidence, length of hospital stay, 30-day mortality) and the variables included in the final model are expressed by odds ratios (OR) and their respective 95% confidence intervals (CIs). The significance level was set at 0.05. All statistics were two-sided and analyzed using SPSS 22.0 (IBM Corp., Armonk, NY).
Results
A total of 257 eligible patients were included, among whom 90 (35%) used statins. Baseline patient characteristics are summarized in Table 1 . Comparing the statin and nonstatin groups, no significant differences were demonstrated in age, gender distribution, APACHE II scores, smoking and drinking habits, steroid treatment, heart rate, respiratory rate, blood culture results, blood pressure, and most biochemical and hematological parameters. However, a higher percentage of patients not treated with statins had bacterial infections in the biliary/gastrointestinal tract (14.4% vs 4.4%, respectively; p = 0.015) and higher activated partial thromboplastin time (APTT) levels (p = 0.042) than statin users (Table 1) . Body temperature was higher in the statin group than the non-statin group (p = 0.001). Patients of the non-statin group were less likely to have nosocomial infections, as compared with statin-group patients (25.7% vs 42.2%, respectively; p = 0.007). Blood samples were obtained from all patients for culture, but confirmatory cultures using other biological specimens including urine or sputum were not collected from all patients. As for patients with a positive blood culture, three patients had a positive sputum culture (Acinetobacter spp, Aeromonas spp., and Staphylococcus spp.). Tw o patients had a positive urine culture (Klebsiella pneumonia and Corynebacterium spp.), and one patient had a positive throat swab culture (Aeromonas spp.). As for patients with negative blood cultures, 11 patients had positive sputum culture results (all positive, but the species were not reported). Some patients had positive urine culture results (Klebsiella pneumonia and Escherichia coli). One patient had a positive bile culture result (Moraxella osloensis, Candida albicans, Klebsiella pneumonia, Enterococcus hirae); one patient had positive stool culture (Candida albicans) and throat swab culture results (Aeromonas spp.). Table 2 shows differences in medications and comorbidities between statin users and non-users. Proportions of hypertension (77.7% vs 65.8%, respectively; p = 0.047) and coronary artery disease (52.2% vs 22.1%, respectively; p < 0.001) were higher in the statin group than the non-statin group. Patients in the statin group were more likely to take aspirin (33.3% vs 17.9%, respectively; p = 0.005), ␤-blockers (24.4% vs 10.1%, respectively; p = 0.002), calcium antagonists (37.7% vs 25.7%, respectively; p = 0.045), other antiplatelet agents (34.4% vs 11.3%, respectively; p < 0.001), nitrate esters (24.4% vs 13.7%, respectively; p = 0.032), oral hypoglycemics (30.0% vs 13.1%, respectively; p = 0.001), trimetazidine (31.1% vs 8.3%, respectively; p < 0.001), and antiarrythmics (8.8% vs 2.9%, respectively; p = 0.040) than the non-statin group. Fig. 1 illustrates 30-day sepsis-related mortality, development of severe sepsis characterized by organ dysfunction, ICU admission, and length of hospital stay between the statin and non-statin groups. Sepsis-related mortality was defined as cause of death directly or indirectly related to infection or defined as cause of death not related to infection but the patient had an uncontrollable infection at the time of death. Non-statin users had higher rates of severe sepsis characterized by organ dysfunction than statin users (31.1% vs 13.3%, respectively; p = 0.002). No difference was found between the two groups in 30-day sepsis-related mortality, ICU admission, or length of hospital stay. However, more patients in the non-statin group (10.2%) died secondary to sepsis-related causes within 30 days of admission for a bacterial infection than those in the statin group (4.4%). The proportion of patients admitted to the ICU was 13.3% for the non-statin group and 16.8% for the statin group, but not significantly different. Regardless of statin use, one-half of all enrolled patients were hospitalized for sepsis treatment for at least 15 days.
Variables associated with severe sepsis are reported in Table 3 . A univariate analysis showed that 10 factors were associated with severe sepsis, but only six remained significant in the final multivariate model. Statin use and albumin were shown to be protective factors for severe sepsis, with ORs of 0.28 (95% CI, 0.13-0.62; p = 0.002) and 0.91 (95% CI, 0.85-0.98; p = 0.013), respectively. Triglycerides (TG), thrombin time, chronic obstructive pulmonary disease (COPD), and chronic heart failure were all associated with severe sepsis and may indicate risk. . Chi-square test was used to compare differences among 30-day infection-related mortality, bacterial infection with organ dysfunction, and ICU admission between the two groups. Mann-Whitney U test was implemented for hospital stays.
Discussion
To our knowledge, this retrospective cohort study was the first to evaluate the effects of statins in older Chinese patients hospitalized due to bacterial infection. Significant decreases were demonstrated in the development of sepsis and infection-related organ dysfunction in older patients treated with statins for >1 month prior to hospitalization and who continued statin treatment during hospitalization infection. Although no differences were found between statin users and non-users in 30-day sepsis-related mortality, ICU admission, or length of hospital stay, the percentage of patients who died because of sepsis-related causes within 30 days of admission due to bacterial infection was lower in the statin group (4.4%) than the non-statin group (10.2%). Based on a literature review, the results of the present study are congruent with those of previous studies. Almog et al. 13 concluded that prior statin treatment might be associated with reduced rates of severe sepsis and ICU admission in patients with acute bacterial infections. Similarly, Martin et al. 21 reported that statins appear to curtail the progression of sepsis by preventing sepsis-induced hypotension. Further, patients with sepsis-associated acute respiratory distress syndrome (ARDS) also experienced greater beneficial effects of prior and continuous statin therapy in more severe ARDS, underscoring the potential therapeutic benefits of statins in a high-risk ARDS cohort. 22 The present study demonstrated that statins had a protective effect by reducing the rate of sepsis development, as non-statin users had higher rates of severe sepsis characterized by organ dysfunction than statin users (31.1% vs 13.3%, respectively; p = 0.002).
Prospective studies have also demonstrated the beneficial effects of statins. Acute administration of atorvastatin (40 mg/day) reduced sepsis severity in hospitalized patients, suggesting that statins may act acutely to prevent organ dysfunction. 9 When atorvastatin was administered to about half (n = 123) of a cohort of 250 critically ill patients, IL-6 levels were not reduced during treatment, but prior statin use was associated with lower baseline IL-6 levels and improved survival. 10 We found that statin use and albumin were protective factors for severe sepsis, with ORs of 0.28 (95% CI, 0.13-0.62; p = 0.002) and 0.91 (95% CI, 0.85-0.98; p = 0.013), respectively. Further, in this study, the statin-group patients had received statin treatment prior to their admission and also continued to receive statins after admission. Therefore, we believe continuing statin treatment during hospitalization may positively influence the protective effects of statins on the progression to sepsis, as evidenced by the higher rates of severe sepsis among non-statin users compared with statin users. Nevertheless, our results cannot specifically Abbreviations: OR, odds ratio; CI, confidence interval; T Bil, total bilirubin; TG, tryglycerides; CRP, C-reactive protein; COPD, chronic obstructive pulmonary disease; SBP, systolic blood pressure; DBP diastolic blood pressure; TC, total cholesterol.
a Logistic regression was implemented, and a backward procedure was applied to a multivariate analysis model (R 2 = 0.315).
demonstrate whether prior use or only in-hospital use may be responsible for better clinical outcomes. In several RCTs, 10, 11, 13 prior statin use, rather than de novo use, was associated with the biomarkers of sepsis progression. In contrast to the results of the abovementioned studies, some other studies did not demonstrate any significant benefits of statin use on sepsis outcomes. 23, 24 Goodin et al. 23 found that prior statin users were typically older and more obese and had a higher prevalence of smoking, diabetes, and ischemic heart disease than non-statin users and benefits of statins were not demonstrated in their primary or secondary outcomes. Leung et al. 24 found no significant associations between statin therapy and survival in patients with bloodstream infections. Although the present study found no significant relationship between statin therapy and 30-day mortality in our cohort of only older Chinese patients, fewer patients receiving statins died of sepsis-related causes within 30 days of a bacterial infection than patients who were nonstatin users (4.4% vs 10.2%, respectively).
Older patients are characteristically at a greater risk of infection and sepsis and have been shown to have an increased incidence of sepsis, progression to organ dysfunction, and sepsis-related mortality. 6 In a population-based cohort analysis of 69,168 older patients with cardiovascular disease, 25 statin use was associated with a reduced rate of subsequent sepsis. Mortensen et al. 26 also found that current statin use was significantly associated with decreased 30-day mortality in patients aged ≥65 years hospitalized for community-acquired pneumonia. Similarly, reinsure statin use was associated with significantly decreased mortality in older burn patients, although the rate of sepsis development was unaffected. 27 These studies demonstrate the beneficial effects of statin use for both the prevention and treatment of sepsis in older patients. Although a significant decrease was noted regarding the progression of sepsis to organ dysfunction among statin users compared with non-users in this study, the lack of significant differences between statin users and nonusers in 30-day sepsis-related mortality, ICU admission, and length of hospital stay can possibly be explained by the greater incidence of comorbidities in statin users and the associated weak physical condition of our older patient population that was unaffected by statin use. While we did not focus on comorbidities, the present study results do suggest that the presence of comorbidities such as COPD and chronic heart failure may contribute to the development of sepsis and infection-related organ dysfunction in older patients with bacterial infections.
The exact mechanism as to how statins provide a beneficial effect in patients with bacterial infections remains unclear, but several mechanisms might explain the reported beneficial results. In several animal models, pretreatment with statins or treatment after the onset of sepsis improved the survival of septic animals. [28] [29] [30] [31] [32] Statin treatment also altered biodistribution of Tc-99m-sestamibi in rats with abdominal sepsis, interpreted as a protective effect because of statinmediated increased tissue perfusion. 33 The protective effect of statins is attributed to their effects on insulin sensitivity, improving insulin signaling in peripheral tissues, 28 preserving cardiac function and hemodynamic status, 29, 31 reversing inflammatory cytokines levels, [15] [16] [17] and enhancing bacterial clearance. 17 Additionally, statins appear to decrease nitric oxide production and restore impaired vascular responsiveness in sepsis. 30, 31, 34 A direct antibacterial effect has been reported with decreased bacterial burden of several organisms. 35 In clinical studies, statins exerted antioxidant properties in experimental models on sepsis. 36 Statins also blunted expression of toll-like receptors 4 and 2 on monocytes in a human model of endotoxemia that decreased the production of inflammatory cytokines. 37 Similarly, an association was shown between statin therapy and decreased TNF-␣ and IL-6 levels in patients with acute bacterial infections. 9 Another study reported a 10-fold greater plasma-free cortisol levels versus plasma total cortisol levels in severe sepsis. 38 Results of the abovementioned studies suggest that the protective effects of statins may be more related to their expansive anti-inflammatory and immunomodulatory effects, rather than targeting individual inflammatory mediators. A nationwide population-based study in Taiwan also showed associations between statin potency and beneficial effects, indicating that the risk of sepsis progression to organ dysfunction and mortality are lower among high-potency statin users than low-potency statin users. 39 The present study had several limitations. First, this study was retrospective and neither randomized nor controlled. Second, potentially uncontrolled confounders including differences between the two studied groups may influence the interpretation of results, and residual confounding cannot be fully ruled out. Third, the sample size was small because of the restrictive inclusion criteria involving older adults with bacterial infections from a single center. Consequently, a sample size calculation was not performed prior to conducting this research, but a power of 0.916 was computed using the group difference results regarding the proportion of patients with multiple organ dysfunction(s). Fourth, because the study objective was to determine effects of statins on the progression of bacterial infections to sepsis, regardless of the specific statin used by the statin group, it was assumed that all statins had the same effect. Other studies 10, 39 have also suggested that statin potency is associated with better outcomes, with improved outcomes obtained with high-potency compared to low-potency statins. Fifth, we did not account for the possible influence of glucocorticoid use by some patients. Moreover, examination of many variables may have introduced a type II error. Certain other variables associated with sepsis severity were not measured, including consciousness level, lactate levels, vasoactive drug use, and ventilator use. APACHE II scores and CRP values were relatively low given a sepsis diagnosis in the study population. Although the most representative APACHE II and CRP values during a 24-h period were used for analysis, these values do not typically change immediately in conjunction with disease progression. Therefore, a longer study period is required to obtain values consistent with progressive sepsis. Lastly, the relatively low number of positive microbiological findings may have been because of collection of a single blood sample for culture instead of multiple samples at different times.
To our knowledge, this is the first study to evaluate the effects of statins in older Asian patients with bacterial infections. Statin treatment decreased the development of sepsis in older hospitalized Chinese patients with bacterial infections but did not reduce the 30-day mortality, ICU admission incidence, or length of hospital stay. Based on the results of this study, continuing preadmission statin therapy during hospitalization may be associated with a reduced rate of sepsis development and perhaps overall in-hospital mortality in elderly patients with bacterial infections given the lower rate of sepsis development seen in statin users in this study. Given the safety profile of and infrequent adverse effects from statins in older patients, additional prospective controlled trials are needed to elucidate the potential for statin use as a therapeutic strategy in a rigorously selected group of older Asian patients with bacterial infections.
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